Introduction
============

Phlebotomine sand flies are of widespread importance in the transmission of *Leishmania* pathogens in Iran. Increasing knowledge of sand flies is a cornerstone for establishing control measures to prevent leishmaniasis. Cutaneous and visceral leishmaniasis are endemic in Iran and remain to be a growing health threat to community, development and the environment in our country ([@b7-ijad-4-17]). In the last two decades, the reported cases especially that of cutaneous leishmaniasis due to *Leishmania major* (CLM) have increased, and they were reported in areas that previously were known to be non- endemic by the public health services ([@b13-ijad-4-17], [@b11-ijad-4-17]). This ignored form of neglected diseases is common in many rural areas of 17 out of the 30 provinces in Iran. About 80% of leishmaniasis cases reported in the country are of the CLM form.

Based on the reports of Control of Communicable Disease Unit, Rafsanjan Health Center, southern Iran, cutaneous leishmaniasis has not been presented in the area until 2002.

Since 2004 the reported cases of cutaneous leishmaniasis have suddenly increased in the study area. During 2003--2004, a total of 257 cases were officially reported all by passive case detection, most of them were from Bahraman District (Rafsanjan Health Center, unpublished data) 70 km from Rafsanjan County but this is probably a large underestimate. A preliminary survey showed that *Rhombomys opimus* was the main reservoir host and zoonotic cutaneous leishmaniasis is caused by *L. major* (School of Public Health, Tehran University of Medical Sciences, unpublished data).

Bahraman rural district (Noogh) of Rafsanjan County is an important agricultural axis from the point of view of growing pistachio in Iran so in depth entomological study must be carried out for preparation of control program to prevent the spread of disease to the neighboring villages and counties.

The objective of this study was to determine the species richness and relative abundance of sand flies, their distribution, monthly prevalence, number of generations and leishmanial infection of sand flies in the area.

Materials and Methods
=====================

Study site
----------

The investigation was carried out from 10 April to 11 October 2006 in 5 villages, Javadieh, Aliabad, Ahmadabad, Najmabad and Daghogh, in the rural district of Bahraman, Rafsanjan County, Kerman Province, in the southeast of the Islamic Republic of Iran.

Rafsanjan County (29º 45′ N, 54º 50′-- 56º 45′ E) is situated in the south east of Iran, 100 km northwest of Kerman at an altitude of 1460 m above sea level. It has a desert climate, very hot and dry in summer, cold and dry in winter. In 2006, the maximum mean monthly temperature was 31.9º C (July) and the minimum was 5.6º C (January). The total annual rainfall was 32.6 mm, with a monthly minimum of 0.2 mm (July and August) and maximum of 17.4 mm (January). The minimum mean monthly relative humidity was 14% in August and the maximum was 61% in March (Rafsanjan Meteorological Office, personal communication)

Sand flies sampling and monitoring
----------------------------------

Sand flies were collected biweekly from fixed sites indoors (bedrooms, sitting rooms, toilets and stables) and outdoors (rodent burrows), using 30 sticky traps (castor oil-coated white papers 20cm×30cm) from the beginning to the end of active season (early April-mid October). Collected sand flies were stored in 70% ethanol. For species identification, sand flies were mounted in Puri\'s medium, produced at the medical entomology department ([@b9-ijad-4-17]) and identified after 24 h using the keys of Theodor and Mesghali ([@b10-ijad-4-17]), then they were mounted and segregated by sex.

Detection of natural leptomonad infection in sand flies and their age determination
-----------------------------------------------------------------------------------

Sand fly collections were made during August to September in the selected villages using sticky traps around rodent burrows and aspirator from human dwellings. Collections were transferred to the laboratory at Rafsanjan health center for dissection. Blood fed females collected indoors were kept alive for 3--4 days to allow blood digestion and then dissected. All fed, gravid, semi-gravid and some unfed females collected from rodent burrows were dissected in a fresh drop of sterile saline (9/1000) and examined microscopically for natural promastigote infection in the alimentary canal. The physiological age of each female was determined by the presence or absence of granules in the accessory glands ([@b2-ijad-4-17]). All female sand flies were identified by the morphology of the pharyngeal armature and of the spermatheca ([@b10-ijad-4-17]).

Results
=======

In this entomological survey, a total of 2439 adult sand flies (2152 from rodent burrows and 287 from indoor resting places) were collected and identified. They comprised 8 phlebotomine species with three *Phlebotomus* spp. and five *Sergentomyia* spp. ([Table 1](#t1-ijad-4-17){ref-type="table"}). The following five spices were found indoors: *P. papatasi* (87.1%); *P. sergenti* (0.7%); *S. clydei* (5.2%); *S. sintoni* (1.4%) and *S. baghdadis* (5.6%).

In the rodent burrows: *P. papatasi* (57.2%); *P. sergenti* (0.2%); *P. mongolensis* (0.05%); *S.clydei* (22.7%); *S. tiberiadis* (0.05%); *S. sintoni* (13.3%); *S. dentata* (0.1%) and *S. baghdadis* (6.4%).

The most prevalent species of indoors were *P. papatasi*, *S. clydei* and *S. baghdadis* and in case of outdoors they were *P. papatasi*, *S. clydei*, *S. sintoni* and *S. baghdadis* respectively. While other species were less frequent. The number and relative abundance of these species are given in [Table 1](#t1-ijad-4-17){ref-type="table"}.

*Phlebotomus papatasi* started to appear in late April and disappeared in mid October in rodent burrows. There are two peaks in the density curve of this species, one in early June and the second in early August ([Fig. 1](#f1-ijad-4-17){ref-type="fig"}) while, the first peak of activity of the species was at the end of May and the second in mid of July in indoors. The decrease in Sand fly density in mid October was most probably due to the cold weather and rains. There are also two peaks in the density curve of other species in rodent burrows in the area, one in late May or early June and the second in middle of August ([Fig. 2](#f2-ijad-4-17){ref-type="fig"}).

The sex ratio, i.e., number of males per 100 females of *P. papatasi* was 525 and 126 in indoors and rodent burrows respectively by the trapping method, sticky trap. *P. papatasi* (165), *S. clydei* (8), *S. baghdadis* (2) and *S. sintoni* (2) were collected in the vicinity of rodent burrows and were dissected. The results of these dissections showed that *P. papatasi* (12.7%) was infected with promastigotes. In three cases a large number of promasitgotes were observed in the gut as well as in the head of *P. papatasi*. In September 2006, six *P. papatasi* were collected from indoor places and dissected for the presence of promastigotes. All were negative ([Table 2](#t2-ijad-4-17){ref-type="table"}).

Discussion
==========

In the rural district of Bahraman, Kerman Province, cutaneous leishmaniasis due to *L. major* is a serious and increasing public health problem (Rafsanjan Health Center 2005, Kerman University of Medical Sciences, unpublished data). This paper presents the first report of sand flies in this focus. Eight species (three of *Phlebotomus* and five of *Sergertomyia*) were collected and identified. *P. papatasi*, a proven vector of *L. major* in Iran ([@b16-ijad-4-17]), is the most abundant species in Bahraman, specially in indoors.

*Phlebotomus sergenti* accounts for 0.7% and 0.2% of sand flies collected from indoors and outdoors respectively and was found only in some villages in the region. This species has never been implicated in the transmission of *L. major* in Iran. Only one male of *P. mongolensis* (0.05%) was collected from rodent burrows. With regard to its low frequency, it seems that the role of females of this species in the circulation of *L. major* among the rodents is doubtful in this part of Iran.

*Phlebotomus papatasi* has two peak activities in indoors and outdoors and it represents that the spices has two generations in the study area.

In routine collections by sticky traps in indoors and rodent burrows, males of *P. papatasi* predominate. The same results were also obtained on *S. baghdadis* and *S. clydei* in rodent burrows. In case of *S. sintoni* collected from outdoors, females were predominated. These results conformed to what was happened in other parts of the country such as Isfahan, Badrood, Natanz, Nikabad, Ardestan, Abardezh of Varamin, Sabzvar, Garmsar and so forth ([@b15-ijad-4-17], [@b13-ijad-4-17], [@b11-ijad-4-17], [@b12-ijad-4-17], [@b1-ijad-4-17]). It should be mentioned that the parameter, sex ratio varies greatly according to the trapping method and among species of Genus *Phlebotomus* and *Sergentomyia* ([@b8-ijad-4-17]).

The estimation of the age structure by dissection of the 165 females of *P. papatasi* from rodent burrows during the period of observation, showed an overall parous: nuliparous ratio of 141:13. It should be mentioned that about 6.7% of the females of this species that would have oviposited all of their eggs had accessory glands devoid of identifiable granules so recognizing parous sand flies from nuliparous ones were impossible.

Leishmanial infection rates of *P. papatasi* from rodent borrows of the other CLM foci in Iran (i.e. Abardezh, Ahwaz, Dezful, Isferayen, Lotfabad, Shush, Turkmen- Sahra, Isfaham and Badrood) ranged from 0.2% to 15.6% during 1967--2001 ([@b6-ijad-4-17], [@b5-ijad-4-17], [@b7-ijad-4-17], [@b14-ijad-4-17]).

In the present study, 12.7% of the vector species were infected. Comparison of the present findings with those obtained from Iran and other countries ([@b7-ijad-4-17], [@b4-ijad-4-17]) showed high natural infection rates with promastigotes from rodent burrows in Rafsanjan of southern Iran. Based upon these entomological data, *P. papatasi* is considered the most likely vector of CL in Rafsanjan. However, further studies are necessary to isolate *Leishmania* strains from *P. papatasi* and to characterize the genotype of Rafsanjan sand flies, taking into account current findings about the multi- locus microsatellite typing which has been employed to infer the population structure of *P. papatasi* in provinces of Khorasan, Khuzestan, Baluchistan, Azerbaijan, Isfahan, Fars and Yazd of Iran ([@b3-ijad-4-17]).

In conclusion, based on this survey, Bahraman rural district seems to be a typical focus of *P. papatasi* and *L. major*. It should be added to the list of CL foci due to *L. major*, so it is necessary to propose a new update map of the distribution of these foci in Iran.
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###### 

Richness, number, and relative abundance of sand fly species collected from indoors and outdoors in Bahraman rural district, Rafsanjan County, Kerman Province, Iran, 2006

  **Collection site**   **Species**                                                        
  --------------------- ------------- ----- ------ ----- ------ ------ ------ ------ ----- -----
                                      No.   250    2     0      15     0      4      0     16
  Indoors               5             \%    87.1   0.7   0      5.2    0      1.4    0     5.6
  Outdoors              8             No.   1230   4     1      490    1      286    2     139
                                      \%    57.2   0.2   0.05   22.7   0.05   13.3   0.1   6.4

###### 

Natural promastigote infection in sand flies collected from rodent burrows, Bahraman rural district, Rafsanjan County, Kerman Province, Iran, summer 2006

  **Site**   **Species**      **No. of sandflies dissected**   **Age group**   **No. of sandflies with promastigotes**   **% infected**                     
  ---------- ---------------- -------------------------------- --------------- ----------------------------------------- ---------------- ---- ---- --- --- ------
                                                               N               P                                         ?                T    G    O   H   
  Outdoors   *P. papatasi*    165                              13              141                                       11               21   18   3   3   12.7
             *S. clydie*      8                                1               6                                         1                0    0    0   0   0
             *S. baghdadis*   2                                0               2                                         0                0    0    0   0   0
             *S. sintoni*     2                                0               1                                         1                0    0    0   0   0
  Indoors    *P. papatasi*    6                                0               5                                         1                0    0    0   0   0

T, total; G, gut; O, oesophagus; H, head; P, parous; N, nuliparous;? age not known[\*](#tfn2-ijad-4-17){ref-type="table-fn"}

Some females that oviposited all of their eggs had accessory glands devoid of identifiable granules so recognizing parous sand flies from nuliparous ones was impossible.
